INTRODUCTION
The color excess in a two-color monochromatic system (defined by the wavelengths λ 1 and λ 2 ) is a difference of interstellar extinctions A(λ 1 ) and A(λ 2 ) expressed in stellar magnitudes. The values of the monochromatic extinctions for the unit dust mass x can be taken from the interstellar extinction law, i.e., the dependence of A on λ or λ −1 . In the monochromatic or narrow-band photometric systems the extinction increases linearly with increasing of the dust mass.
In the case of a heterochromatic photometric system the extinctions are defined by the equation
where F (λ) is the spectral energy distribution function of a star or a model atmosphere, R m (λ) is the response function of the passband, τ (λ) is the transmittance function of the unit mass of dust and x is the number of dust masses. This means that the heterochromatic extinction depends on the spectral energy distribution and the amount of interstellar dust. A red star, affected by the same cloud of interstellar dust, will exhibit smaller extinction A(λ) than a blue star.
Also, if a dust cloud gives the extinction A(λ), the addition of the second identical cloud will raise the extinction not to up 2A(λ) but to a smaller quantity. The broader the response function, the larger is the dependence of the extinction on the spectral energy distribution and the amount of interstellar reddening. This dependence is known as the band-width effect. The reason for the effect can be understood as the dependence of the effective wavelength on spectral type and interstellar reddening.
Since color excesses are differences of extinctions in two passbands, the dependence of A(λ 1 ) and A(λ 2 ) on spectral energy distribution of the star and on its interstellar reddening transfers the band-width effect to color excesses and colorexcess ratios. However, in an exceptional case the band-width effect on a color excess can be zero, when the band-width effect in both passbands is the same.
The band-width effect was well known to stellar photometrists long ago; see, e.g., the reviews by one of the authors (Straižys 1977 (Straižys , 1992 . However, in some new photometric systems the effect sometimes becomes forgotten. The near-infrared J, H, K system is one of such examples. Jones & Hyland (1980) were probably the first who tried to estimate the bandwidth effect on the form of reddening line in the J-H vs. H-K diagram. By synthetic photometry they found some deviation of heavily reddened stars at J-H > 3.5. A similar effect was also calculated by Nagata et al. (1993) . Naoi et al. (2006) found the decline of the reddening line slope in Ophiuchus and Chamaeleon star-forming regions by observations in the SIRIUS J, H, K s system, but failed to confirm the effect by synthetic photometry.
One of the authors of the present paper (Straižys 1992 ) has estimated the band-width effect in the UBVRIJHKLM system by calculating color excesses and their ratios for black bodies of different temperatures. A clear decline of the ratio E J−H /E H−K from 2.0 to 1.7 was found when the temperature of the radiation source has decreased from 20 000 K to 2000 K.
Recently, during the investigation of the E J−H /E H−Ks ratios in various Milky Way directions and in star-forming regions (Straižys & Laugalys 2008) , we have noted that in most directions heavily reddened stars deviate down from the linear reddening line of red giants. This stimulated the investigation of possible bandwidth effect for heavily reddened stars in the two-color diagram of the 2MASS system.
CALCULATIONS AND RESULTS
Interstellar extinctions in the passbands of the 2MASS system were calculated by Equation (1) with the functions taken from the following sources. Spectral energy distributions F (λ) were taken for 409 synthetic spectra of solar metallicity and various temperatures and gravities from Kurucz (2001) . Response functions of the 2MASS passbands were taken from Cutri et al. (2006) and Skrutskie et al. (2006) . The transmittance function of the interstellar dust for a unit mass (x = 1, this corresponds to E B−V = 1.0) is taken from Straižys (1992 , Table 3 ), with some small modification at wavelengths longer than 2.0 µm to adjust the extinction law to the ratio of color excesses E J−H /E H−Ks = 1.9. In calculations the dust mass x was varied from 2 to 10; these values correspond to A V = 6.2 and 31 mag.
In Table 1 we present the calculated color excesses and their ratios for a selected set of 87 models with different temperatures and gravities and for five values of T eff , log g x = 2 x = 4 x = 6 x = 8 x = 10 T eff , log g x = 2 x = 4 x = 6 x = 8 x = 10
x to show the significance of the band-width effect. For the model with T eff = 35 000 K, which corresponds to the spectral class O8, the ratio of color excesses is 1.99 at x = 2 and 1.85 at x = 10. For the model with T eff = 4500 K and log g = 2.5, which corresponds to red clump giants (K2 III), the ratio is 1.95 for x = 2 and 1.81 for x = 10.
In Figure 1 we plot the reddening line of red clump giants on the J-H vs. H-K s diagram in a 1
• diameter area in the direction of ℓ = 330 The reddening line can be expressed by a parabolic equation
The coefficient r due to the band-width effect shows the usual dependence on the temperature (or on spectral class), decreasing from 2.03 for O-stars down to 1.96 for M-stars. The coefficient s is almost constant, its average value is -0.12.
We also calculated effective wavelengths of the J, H and K s passbands for various temperatures and gravities defined by the following equation:
The results for five selected models of different temperatures are listed in Table  2 . The largest change of the effective wavelengths both with the temperature and interstellar reddening is observed for the J passband: 0.01-0.02 µm between T eff = 3500 K and 35000 K and 0.04-0.06 µm between x = 0 and 10. For the H passband the corresponding variations are 0.01 µm and 0.02 µm. For the K s passband these variations are 0.002 µm and 0.018 µm.
The variations of λ eff for the three passbands help to understand why the reddening line in the J-H vs. H-K s diagram at large reddenings is curved down: with increasing reddening the shift of λ eff for J is much larger than for H and this leads to decrease of the base-line of the J-H color. As a consequence, the increase of J-H is slowed down in comparison with the dust mass x. At the same time, the difference of λ eff variation between the H and K s passbands is much smaller, and the values of H-K s color remain almost proportional to x with increasing reddening.
Since the effective wavelengths depend on the temperature and reddening, their change should be taken into account when plotting the interstellar extinction law: the values of A λ determined for early-type or less reddened stars should be plotted at shorter wavelengths than for late-type or heavily reddened stars.
CONCLUSIONS
Applying the method of synthetic photometry for the Kurucz models we show that interstellar reddening lines in the 2MASS J-H vs. H-K diagram due to the band-width effect are of parabolic form with a curvature coefficient of s = -0.12. The slope of the reddening line at constant reddening also decreases with decreasing temperature, but this effect is much smaller. The theoretical results are confirmed by the observed reddening lines in the inner Galaxy investigated by Straižys & Laugalys (2008) .
The knowledge of the band-width effect in the J, H, K s system on the slope and curvature of reddening lines, as well as on the effective wavelengths, is important in determining the interstellar extinction law in the infrared range (see, e.g., Fitzpatrick 1999; Fitzpatrick & Massa 2005 Indebetouw et al. 2005; Flaherty et al. 2007; Román-Zúniga et al. 2007 ). If one accepts that the reddening line is straight and solves all stars together, the ignorance of the curvature can lead to a smaller ratio of color excesses. Also, the ignorance of the curvature of reddening lines can lead to wrong classifications of heavily reddened stars from photometric data. 
